Abstract. We determined the time of day at which eggs were laid and the laying interval (time between laying of successive eggs in a clutch) in the Hudson Bay race of the Common Eider (Somateria mollissima sedentaria), at La P&rouse Bay, Churchill, Manitoba (58"24' N, 94' 24' W). Nests were found at the one-egg stage and were subsequently visited three times daily. Analysis of the nest contents at each visit allowed us to estimate mean egg-laying times as well as the mean time at which eggs were lost to predators. The estimated mean egg-laying hour was 13:49 (CST, 95% CL 12:30-l 5:06). We detected no selective advantage to laying at this time based on the timing of egg predation. The average egg-laying interval was 27.7 f 3.4 hr. Laying intervals decreased with increasing clutch sizes. For clutches of four and five eggs, the estimated interval between the last two eggs was significantly longer than that for intervals between all other eggs, all other comparisons between intervals were not significantly different. If last-laid eggs were excluded the mean laying interval for all eggs was 26.1 -t 4.3 hr, confirming that the last egg in a clutch takes longer to produce. We suggest that longer laying intervals of last-laid eggs may be related to hormonal changes associated with the onset of incubation.
INTRODUCTION
Timing of breeding and the duration of the breeding period are important factors affecting reproductive success in birds (Daan et al. 1988 ). These factors are determined, in part, by the egglaying interval: the time between the laying of successive eggs in a clutch. The length of the laying interval could affect individual fitness in a number of ways, for example due to increased vulnerability of nest contents to predation (Clark and Wilson 198 l) , declining viability of unincubated eggs (Arnold et al. 1987) , seasonal declining food availability (Bryant 197 5) and delay in the timing of hatching (Cooke et al. 1984) . Under conditions which favor a shortened and/ or earlier breeding period, laying interval should be under directional selection to become shorter until such time that counter-selectional forces lead to stabilizing selection. A decrease in the length of the laying period may be achieved by shortening the laying interval, by reducing the clutch size, or both. A decrease in clutch size has obvious fitness disadvantages, so there may be stronger selection to shorten the laying interval. Decreasing the clutch size may, however, be beneficial where pre-incubation nest predation is high (Lack 1947 ). Evidence of shorter incubation periods in more northerly nesting geese, which are subject to a relatively short summer (Johnsgard 1968 , Ogilvie 1978 , Owen 1980 , Thompson and Raveling 1987) supports the hypothesis that selection for shortening the breeding period does occur.
The egg-laying interval may also be influenced by selection to lay at a particular time of the day. Egg-laying time may be controlled by a number of factors including photoperiod (Johnson 1986), egg fragility (Schifferli 1979 Despite the evolutionary and ecological importance of laying interval and laying time to reproductive success, these factors have been poorly studied in wild birds (Cooper 1978; Weatherhead et al. 199 1; Ankney and Alisauskas 1992; Schubert and Cooke, in press). Although most studies are consistent with the hypothesis of a constant 24-hr laying interval, with eggs laid early in the morning, data support alternative hypotheses equally well (Schubert 1990 ). Furthermore, most published information on egglaying intervals has been collected anecdotally or P691 incidentally and few studies have included multiple daily nest visits. In addition, confounding factors such as intraspecific nest parasitism (where two females lay in a single nest but only one incubates) and undetected egg predation have seldom been considered, even though these may significantly affect estimates of laying intervals.
The aims of this paper are (1) to estimate egglaying times and laying intervals based on multiple daily nest visits, (2) to determine if and how these vary with clutch size and position of eggs in the laying sequence, and (3) to investigate whether variation in probability of predation throughout the day acts as a selective force influencing egg-laying times in the Hudson Bay race of the Common Eider (Somateria mollissima sedentaria). Three characteristics of this subspecies suggest that there should be strong selection to shorten both the breeding period in general and, more specifically, the laying interval. First, pre-incubation nest predation is high (Choate 1967 , Guild 1974 , Schamel 1977 1 mm) , and egg color was scored by visually matching the egg with colored paint chips. We estimated the time at which a nest site was searched prior to laying of the first egg by interpolating from the times when surrounding nests already containing eggs were visited; these estimates are accurate to within about 20 min. We attempted to minimize the time we spent at each nest, and the nest was covered with material after the visit, which substantially reduces predation rates (Gotmark and Ahlund 1984). In addition, gulls in the local area tended not to follow us, they seemed more concerned with attending their nests while we were in an area. Females that were flushed generally returned to their nests within 5 min of the nest visit. We also approached attending females very slowly so that they would not flush but rather just walk from their nests into the water. Flushed females generally watched our activities from a safe distance (about 25 m) and used the opportunity to preen and drink.
Intraspecific nest parasitism confounds the determination of egg-laying patterns in this popu-lation. In the 199 1 breeding season an estimated 42.4% of all nests that survived to incubation contained at least one parasitic egg (see Robertson et al. 1992 for details of the methods used to identify parasitic eggs). Parasitic eggs were excluded from clutches and remaining eggs were renumbered to reflect their true position in the laying sequence. Only nests found at the one-egg stage were included in the analyses. Additionally, if two or more days passed between the finding of new eggs in a nest and these new eggs were different in terms of size and color of the original clutch; we assumed that these eggs were laid by a second female and renumbered the new eggs accordingly.
ESTIMATING EGG-LAYING TIMES
The following method was used to estimate the number of eggs laid during each hourly interval of the day from the nest information collected three times daily. We estimated the probability that an egg had been laid in each interval by conservatively assuming that there was a constant probability of egg-laying throughout the interval between nest visits just prior to an egg being found. For example, if an egg was found at 20:00 and the previous nest visit had been 15:00, the probability of the egg being laid in each hourly interval between 15:OO and 20:00 was 0.2. For all other hourly intervals of the day the probability was zero. The process was repeated for all eggs and the probabilities for each hourly interval were summed to give an estimate of the total number of eggs laid for each hour of the day. Circular statistics were used to analyze data concerning daily activity patterns: the Rayleigh Test detects unimodal deviations from random distributions of activity during the day and the Watson and Williams test compares the mean times of two distributions (Brown and Downhower 1988). For both of these tests, the eggs for each hourly interval were assumed to have been laid on the half hour. The method for determining the mean time of a group of events is given by Brown and Downhower (1988) and 95% confidence limits for estimated mean times were calculated following Zar (1984, p. 665).
ESTIMATING EGG-LAYING INTERVALS
The maximum and minimum mean laying intervals for a particular clutch were estimated (assuming a constant laying interval) by the equations: The mean laying interval was estimated as the mean of the maximum and minimum values. The analysis was repeated excluding the last egg in each clutch to determine if the interval between the penultimate and the ultimate egg in a clutch was longer than the average interval between consecutive pairs of earlier eggs. To determine the laying interval for each position in the laying sequence, we estimated time of laying as the midpoint between the time of the nest visit preceding that at which the egg was found and the time at which it was actually found. The between-egg interval was then estimated as the time between any two estimated egg-laying times. This analysis was repeated for clutches of 3-5 eggs and for each interval in the laying sequence.
TIMING OF EGG PREDATION
In this analysis we included all eggs that had been marked but later disappeared or were found destroyed at a nest before the full clutch had been laid. The method used to estimate egg predation times during the day was identical to that used to estimate the time that eggs were laid. Two probability distributions were generated: (1) the temporal distribution of individual egg depredations, and (2) the distribution of predation events. These distributions differed because although predators generally take single eggs, in some cases more than one egg went missing or was destroyed between a single pair of nest visits. We assumed that all depredated eggs had been taken by a single predator during a single predation event in the second analysis and therefore treated losses of multiple predated as a single data point. In order to determine whether or not predation pressure may be influencing the evolution of egg-laying times, we assumed that the presence of females in the vicinity of a nest increased the probability of nest detection by predators (although if the female is on her nest she can defend her eggs, it is when she leaves the nest that she gives away the location of her eggs) and that the degree of activity at the nest for each hour of the day was accurately represented by the estimated number ofeggs laid. For each hour- 
DISCUSSION
A major criticism of many previous studies of egg-laying in wild birds is that infrequent nest visits, often combined with small sample sizes, provide inadequate information to accurately determine laying times or intervals (Schubert 1990 ). In this study, multiple daily visits of a large number of nests allowed for more accurate estimation of egg-laying times and of variation within the population. In addition, we were able to control for the effects of intraspecific nest parasitism and egg predation that may have confounded estimates of egg-laying intervals. The method we used to estimate the number of eggs laid during each hour of the day was conservative, such that the true peak in egg-laying times was expected to be greater than the one we estimated. Nevertheless, we demonstrated a strong midday peak in egg-laying times in this population of Common Eiders. In contrast to this We were unable to detect a strong selective advantage to laying around midday based on the timing of predation. Although, the timing of predation reflected the timing of laying, this does truly represent predation pressure. Laying at a particular time of the day would be advantageous if individuals laid their eggs at an hour when the probability of predation was low, and relatively low values of predation pressure around midday would suggest an explanation for the observed midday peak in laying times. Although the ratio of estimated number of predation events to number of eggs laid appears to be slightly lower at midday than at any other time, the distribution of the ratio of estimated number of eggs depredated to number of eggs laid showed no such trend. The estimated number of eggs depredated may be an inappropriately inflated sample of the estimated number of predation events. Alternatively, number of eggs depredated may be a better measure of the selective pressure acting on egg-laying times because it compares two values with the common currency of individual eggs. Convincing evidence of the adaptive significance of egg-laying times with respect to timing of predation was not found because of this discrepancy in our results, but the selective pressure due to predation is clearly not very strong. It could be that Eiders and their egg predators are both more active around midday, and they are not influencing each others activities.
There are several reasons why we may not have detected a selective advantage to laying around midday. First, the evolution of egg-laying times may not be influenced by the timing of predation. Second, the predation data may be biased by the fact that eggs preyed upon shortly after being laid are those most likely to be undetected by the observer. However, this hypothesis assumes that predators use the presence of females (i.e., just after she leaves the nest) to aid in nest detection. If this is the case then most predation occurs shortly after eggs were laid, while the probability of female presence at the nest was relatively high. Third, the absolute and relative numbers of predators may vary greatly among years (Matthew Collins, pers. comm.), so it is possible that similar analyses performed on data for a different year would have given different results. With the data available, it is possible only to speculate on the potential effect of predation pressure on egg-laying times.
It is possible that individuals in this population benefit from laying synchronously, rather than around midday per se. The distribution of nests in this population is more clumped than the distribution of suitable nesting habitat, suggesting that Common Eiders in this population may benefit in some way from coloniality, perhaps because of group defense against predators or advanced warning through communication of an approaching predator (Schmutz et al. 1983 ). Temporal synchrony in the hour of egg-laying might reduce egg predation through predator swamping, if predators use the presence of females leaving their nests to find eggs. In a population of Common Eiders nesting in Europe, females lay their eggs very early in the morning (Myrfyn Owen, pers. comm.). Drift in the mean laying time among populations is expected if benefits result from laying synchronously rather than at a particular time of day. The actual distribution of egg-laying times probably has a lower variance than the distribution estimated by our method. Some eggs (a maximum of 13%) however, were laid between 23:00 and 05:00, suggesting that no single environmental cue is responsible for egg-laying times in all individuals.
The laying intervals were longer in small clutches (three eggs) and shortened in larger clutches (five eggs). Young Eiders and Eiders in poor condition are known to lay later in the season (Spurr and Milne 1976) also clutch size decreases over the season (Robertson et al. 1992 ). Therefore, these young birds or birds in poor condition, that lay small clutches, could also be taking longer to lay their eggs, and the converse could be true for Eiders in good condition. Egg size does not vary with clutch size in this population (Robertson and Cooke 1993). So eggs from smaller clutches are not larger, which may make them longer to lay. An alternative explanation is that birds that are going to lay larger clutches somehow decrease their laying intervals because their laying period is already going to be long. In addition, undetected predation and/or nest parasitism could effect the relationship between laying intervals and clutch size.
Selection may act more strongly on laying intervals than on laying times. If so, egg-laying time may be constrained by the laying interval, rather than the other way around. We estimated the mean laying interval for all eggs in a clutch as 27.7 ? 3.4 hr. The inability to determine laying intervals accurately when nests are visited infrequently may account for the discrepancy between our result and the 24 hr interval generally reported for the Common Eider in studies which focus on other aspects of their breeding biology (Paynter 195 1, Coach 1965, Milne 1974, Schmutz  et al. 1983) .
When the last egg laid in each clutch was excluded, the mean laying interval was shorter (26.1 * 4.3 hr), indicating that the interval between the penultimate and ultimate egg may be longer than the intervals between other pairs of eggs in a clutch. This result is supported by significantly longer intervals between the last two eggs in clutches of four and five. Longer laying intervals for last eggs have been reported for several other bird species including the Prairie Warbler, Dendroica discolor (Nolan 1978 Leblanc (1987) suggested that smaller last eggs in Canada Goose clutches, where incubation begins before the last egg is laid, may be the result of high prolactin levels associated with onset of incubation. In American Coots, Arnold (199 1) similarly showed a relationship between decreasing egg size at the end of a clutch, and the number of follicles that were simultaneously developing. He suggested that the process of decreasing yolk deposition and the suppression of developing additional follicles may be regulated by the same hormonal mechanisms. In American Coots, incubation started between the laying of eggs three and six in that population and the volume of eggs started to decrease slowly beginning with third to fifth eggs (Arnold 199 1) . Furthermore, in Prairie Warblers, last eggs were laid later in the day only when females roosted on their nest the night before laying the last egg (Nolan 1978) , perhaps because physical contact with eggs stimulates prolactin release (e.g., Hall 1987), possibly inhibiting development of the last egg. In Common Eiders, females generally begin incubating after laying the penultimate egg (Coach 1965), suggesting that hormonal changes associated with incubation occur before the last egg is fully developed (Goldsmith 1990 ). We extend the hypothesis put forward by Leblanc and supported by Arnold by suggesting that these same hormonal mechanisms may be responsible for the observed decrease in the rate of egg production and therefore an increase in laying interval for last-laid eggs in the Common Eider.
